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( ) A printing system includes ?rst and second marking engines. 

First and second fusers are associated With the marking 
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PRINTING SYSTEM 

CROSS REFERENCE TO RELATED PATENTS 
AND APPLICATIONS 

[0001] The following applications, the disclosures of each 
being totally incorporated herein by reference are men 
tioned: 

[0002] US. Provisional Application Ser. No. 60/631,651 
(Attorney Docket No. 20031830-US-PSP), ?led Nov. 30, 
2004, entitled “TIGHTLY INTEGRATED PARALLEL 
PRINTING ARCHITECTURE MAKING USE OF COM 
BINED COLOR AND MONOCHROME ENGINES,” by 
David G. Anderson, et al.; 

[0003] US. Provisional Application Ser. No. 60/631,656 
(Attorney Docket No. 20040448-US-PSP), ?led Nov. 30, 
2004, entitled “MULTI-PURPOSE MEDIA TRANSPORT 
HAVING INTEGRAL IMAGE QUALITY SENSING 
CAPABILITY,” by Steven R. Moore; 

[0004] US. Provisional Patent Application Ser. No. 
60/631,918 (Attorney Docket No. 20031867-US-PSP), ?led 
Nov. 30, 2004, entitled “PRINTING SYSTEM WITH 
MULTIPLE OPERATIONS FOR FINAL APPEARANCE 
AND PERMANENCE,” by David G. Anderson et al.; 

[0005] US. Provisional Patent Application Ser. No. 
60/631,921 (Attorney Docket No. 20031867Q-US-PSP), 
?led Nov. 30, 2004, entitled “PRINTING SYSTEM WITH 
MULTIPLE OPERATIONS FOR FINAL APPEARANCE 
AND PERMANENCE,” by David G. Anderson et al.; 

[0006] US. application Ser. No. 10/761,522 (Attorney 
Docket A2423-US-NP), ?led Jan. 21, 2004, entitled “HIGH 
RATE PRINT MERGING AND FINISHING SYSTEM 
FOR PARALLEL PRINTING,” by Barry P. Mandel, et al.; 

[0007] US. application Ser. No. 10/785,211 (Attorney 
Docket A3249P1-US-NP), ?led Feb. 24, 2004, entitled 
“UNIVERSAL FLEXIBLE PLURAL PRINTER TO PLU 
RAL FINISHER SHEET INTEGRATION SYSTEM,” by 
Robert M. Lofthus, et al.; 

[0008] US. application Ser. No. 10/860,195 (Attorney 
Docket A3249Q-US-NP), ?led Aug. 23, 2004, entitled 
“UNIVERSAL FLEXIBLE PLURAL PRINTER TO PLU 
RAL FINISHER SHEET INTEGRATION SYSTEM,” by 
Robert M. Lofthus, et al.; 

[0009] US. application Ser. No. 10/881,619 (Attorney 
Docket A0723-US-NP), ?led Jun. 30, 2004, entitled “FLEX 
IBLE PAPER PATH USING MULTIDIRECTIONAL PATH 
MODULES,” by Daniel G. BobroW.; 

[0010] US. application Ser. No. 10/917,676 (Attorney 
Docket A3404-US-NP), ?ledAug. 13, 2004, entitled “MUL 
TIPLE OBJECT SOURCES CONTROLLED AND/OR 
SELECTED BASED ON A COMMON SENSOR,” by 
Robert M. Lofthus, et al.; 

[0011] US. application Ser. No. 10/917,768 (Attorney 
Docket 20040184-US-NP), ?led Aug. 13, 2004, entitled 
“PARALLEL PRINTING ARCHITECTURE CONSIST 
ING OF CONTAINERIZED IMAGE MARKING 
ENGINES AND MEDIA FEEDER MODULES,” by Robert 
M. Lofthus, et al.; 
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[0012] US. application Ser. No. 10/924,106 (Attorney 
Docket A4050), ?led Aug. 23, 2004, for PRINTING SYS 
TEM WITH HORIZONTAL HIGHWAY AND SINGLE 
PASS DUPLEX by Lofthus, et al.; 

[0013] US. application Ser. No. 10/924,113 (Attorney 
Docket A3190-US-NP), ?led Aug. 23, 2004, entitled 
“PRINTING SYSTEM WITH INVERTER DISPOSED 
FOR MEDIA VELOCITY BUFFERING AND REGISTRA 
TION,” by Joannes N. M. deJong, et al.; 

[0014] US. application Ser. No. 10/924,458 (Attorney 
Docket A3548), ?led Aug. 23, 2004 for PRINT SEQUENCE 
SCHEDULING FOR RELIABILITY by Robert M. Lofthus, 
et al.; 

[0015] US. patent application Ser. No. 10/924,459 (Attor 
ney Docket No. A3419-US-NP), ?led Aug. 23, 2004, 
entitled “PARALLEL PRINTING ARCHITECTURE 
USING IMAGE MARKING DEVICE MODULES,” by 
Barry P. Mandel, et al; 

[0016] US. patent application Ser. No. 10/953,953 (Attor 
ney Docket No. A3546-US-NP), ?led Sep. 29, 2004, entitled 
“CUSTOMIZED SET POINT CONTROL FOR OUTPUT 
STABILITY IN A TIPP ARCHITECTURE,” by Charles A. 
Radulski et al.; 

[0017] US. application Ser. No. 10/999,326 (Attorney 
Docket 20040314-US-NP), ?led Nov. 30, 2004, entitled 
“SEMI-AUTOMATIC IMAGE QUALITY ADJUSTMENT 
FOR MULTIPLE MARKING ENGINE SYSTEMS,” by 
Robert E. Grace, et al.; 

[0018] US. patent application Ser. No. 10/999,450 (Attor 
ney Docket No. 20040985-US-NP), ?led Nov. 30, 2004, 
entitled “ADDRESSABLE FUSING FOR AN INTE 
GRATED PRINTING SYSTEM,” by Robert M. Lofthus, et 
al.; 
[0019] US. patent application Ser. No. 11/000,158 (Attor 
ney Docket No. 20040503-US-NP), ?led Nov. 30, 2004, 
entitled “GLOSSING SYSTEM FOR USE IN A TIPP 
ARCHITECTURE,” by Bryan J. Roof; 
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entitled “ADDRESSABLE FUSING AND HEATING 
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entitled “GLOSSING SYSTEM FOR USE IN A TIPP 
ARCHITECTURE,” by Bryan J. Roof; 
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RATE PRINT MERGING AND FINISHING SYSTEM 
FOR PARALLEL PRINTING,” by Robert M. Lofthus, et 
al.; 
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“HIGH RATE PRINT MERGING AND FINISHING SYS 
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[0025] US. application Ser. No. 11/ , (Attorney 
Docket 20040744-US-NP), ?led Feb. 28, 2004, entitled 
“PRINTING SYSTEMS,” by Robert M. Lofthus, et al.; 

[0026] US. application Ser. No. 11/ , (Attorney 
Docket 20031659-US-NP), ?led Mar. 2, 2005, entitled 
“GRAY BALANCE FOR A PRINTING SYSTEM OF 
MULTIPLE MARKING ENGINES,” by R. Enrique Viturro, 
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Docket 20040448-US-NP), ?led Mar. 16, 2005, entitled 
“MULTI-PURPOSE MEDIA TRANSPORT HAVING 
INTEGRAL IMAGE QUALITY SENSING CAPABIL 
ITY,” by Steven R. Moore. 

BACKGROUND 

[0028] The present exemplary embodiment relates gener 
ally to fusing of images in a printing system including a 
plurality of marking engines. It ?nds particular application 
in conjunction With a printing system Which includes ?rst 
and second tandem marking engines Where the second 
marking engine receives print media Which has been pre 
heated by the fuser of the ?rst marking engine, and Will be 
described With particular reference thereto. However, it is to 
be appreciated that the present exemplary embodiment is 
also amenable to other like applications. 

[0029] In a typical xerographic marking engine, such as a 
copier or printer, a photoconductive insulating member is 
charged to a uniform potential and thereafter exposed to a 
light image of an original document to be reproduced. The 
exposure discharges the photoconductive insulating surface 
in exposed or background areas and creates an electrostatic 
latent image on the member, Which corresponds to the image 
areas contained Within the document. Subsequently, the 
electrostatic latent image on the photoconductive insulating 
surface is made visible by developing the image With a 
developing material. Generally, the developing material 
comprises toner particles adhering triboelectrically to carrier 
granules. The developed image is subsequently transferred 
to a print medium, such as a sheet of paper. The fusing of the 
toner onto the paper is generally accomplished by applying 
heat to the toner With a heated roller and application of 
pressure. 

[0030] The reliability of fusers, and in particular, fusers for 
color marking engines, tends to be loW When compared With 
the other components of a printing machine. This is prima 
rily due to high temperatures and material strains and 
stresses employed in forming a long dWell time in the nip. 
To achieve a high gloss at reasonable temperatures in color 
applications, the surface smoothness (Ra) is generally about 
0.4 microns or less. Over time, the color fuser roll tends to 
Wear, resulting in non-uniformities in the surface of the roll, 
Which, in turn, lead to gloss non-uniformities. Additionally, 
the lifetime of the fuser roll material is limited by the desire 
to provide compressibility to achieve an adequate nip Width, 
Which a?cects the dWell time for heating, and provide suffi 
cient differential speeds to enable stripping and release. 

[0031] Systems Which incorporate several marking 
engines have been developed. These systems enable high 
overall outputs to be achieved by printing portions of the 
same document on multiple printers. Such systems are 
commonly referred to as “tandem engine” printers, “paral 
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lel” printers, or “cluster printing” (in Which an electronic 
print job may be split up for distributed higher productivity 
printing by di?cerent printers, such as separate printing of the 
color and monochrome pages). In some systems, a process 
knoWn as “tandem duplex printing” is employed. In this 
process, a ?rst marking engine applies an image to a ?rst 
side of a sheet and a second marking engine applies an 
image to a second side of the sheet. Each of the marking 
engines is thus operating in a simplex mode to generate a 
duplex print. This has been found to be more e?icient for 
some applications than using a single marking engine With 
an internal duplex path to create a duplex print. 

[0032] Such integrated printing systems have multiple 
fusers since each marking engine incorporates the fuser or 
fusers appropriate for fusing the images applied by that 
particular marking engine. As a result, the reliability of the 
individual fusers has a signi?cant impact on overall reliabil 
ity, since any one fuser failure can a?cect the productivity of 
the entire system. 

BRIEF DESCRIPTION 

[0033] Aspects of the present disclosure in embodiments 
thereof include a printing system and a method of printing. 
A xerographic printing system may include ?rst and second 
marking engines. A ?rst fuser is associated With the ?rst 
marking engine for fusing images applied by the ?rst 
marking engine to print media. A second fuser is associated 
With the second marking engine for fusing images applied 
by the second marking engine to print media. The printing 
system has a ?rst mode of operation in Which print media is 
fused by the ?rst fuser and then by the second fuser and a 
second mode of operation in Which at least a portion of the 
print media is fused by the second fuser, Which portion has 
not been previously fused by the ?rst fuser. The second fuser 
has a ?rst fuser operating mode When the printing system is 
in the ?rst mode of operation and a second fuser operating 
mode, When the printing system is in the second mode of 
operation. The second fuser applies a ?rst energy input to the 
print media in the ?rst fuser operating mode and a second 
energy input, different from the ?rst energy input, to the print 
media in the second fuser operating mode. 

[0034] In another aspect, a printing system may include a 
plurality of marking engines Which apply images to print 
media, at least one of the marking engines selectively 
receiving print media Which has been imaged and fused by 
at least one other of the plurality of marking engines. A fuser 
is associated With the ?rst marking engine for fusing images 
applied by the ?rst marking engine to print media. A control 
system accommodates for differences in print media input 
temperature arising from prior fusing of the print media, by 
adjusting an operating temperature of the fuser. 

[0035] The method of printing may include, in a ?rst mode 
of operation, forming an image on a sheet of print media in 
a ?rst marking engine and fusing the image formed in the 
?rst marking engine With a ?rst fuser associated With the ?rst 
marking engine, conveying the imaged and fused sheet of 
print media to a second marking engine, forming an image 
on the imaged and fused sheet of print media in the second 
marking engine, and fusing the image formed in the second 
marking engine With a second fuser associated With the 
second marking engine, operating parameters of the ?rst and 
second fusers being selected to account for differences in 
input temperature of the print media to the ?rst and second 
fusers. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 is a side sectional vieW of a ?rst embodi 
ment of an exemplary printing system; 

[0037] FIG. 2 is an enlarged vieW of the fuser of one of the 
marking engines of the printing system of FIG. 1; 

[0038] FIG. 3 is a side sectional vieW of a second embodi 
ment of an exemplary printing system; 

[0039] FIG. 4 is a plot of crease index vs. fusing tem 
perature for the second fuser in a tandem duplex printing 
mode; and 

[0040] FIG. 5 is a plot of fuser life to failure for a 
representative printer measured in terms of the number of 
copies made, vs. the fuser roll temperature (° C.) and crease 
area vs. belt temperature for printed media With and Without 
preheating. 

DETAILED DESCRIPTION 

[0041] Aspects of the present disclosure in embodiments 
thereof relate to a printing system including multiple mark 
ing engines. The printing system may have an operating 
mode for tandem printing in Which a sheet of print media is 
conveyed through the printing system and has images 
applied to the sheet by ?rst and second marking engines, the 
second marking engine receiving the sheet from the ?rst 
marking engine. Due to the fusing of an image in the ?rst 
marking engine, the sheet may arrive at the second marking 
engine partially preheated. This excess heat can be taken 
into account in determining appropriate fusing parameters, 
such as an appropriate fuser temperature, for the second 
marking engine. The operating mode thus described has 
several advantages. 

[0042] First, a fuser in the second marking engine may run 
at a loWer temperature than Would be the case When the 
paper is not preheated by a prior marking engine, improving 
the lifetime and reliability of the fuser in the second marking 
engine. The effect of decreasing the temperature of a fusing 
member, such as a fuser roll has a marked improvement in 
the member’s life. Operating at a loWer temperature results 
in the fusing member materials having an increased strength 
and sloWs the chemical reactions that result in fusing mem 
ber failure modes, such as elastomer hardening and toner 
o?‘set. 

[0043] Another bene?t is that there is less thermal energy 
imparted to the sheet by the second marking engine fuser, 
Which could otherWise cause damage to post fuser compo 
nents, such as ba?‘les. Further, When the fuser temperature is 
loWered to take into account the incoming paper tempera 
ture, less excess heat needs to be removed from other system 
components for jam clearance and from the paper itself to 
prevent blocking. The ba?‘les may have a preset maximum 
paper temperature for jam clearance of, for example, 400 C. 
The difference betWeen the preset temperature and the actual 
temperature represents the excess heat to be removed. Thus, 
as the sheet output temperature increases, the greater the 
excess temperature there is to be removed to ensure jam 
clearance. Blocking or bricking occurs in the output tray. It 
arises from the pressure created by the stacking of multiple 
sheets and the elevated temperature of the sheets, Which 
ultimately fuses the sheets together. 
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[0044] A further advantage is that higher levels of consis 
tency can be achieved betWeen images applied by the ?rst 
and second marking engines. Appearance characteristics, 
such as gloss, tend to be dependent on the toner temperature 
achieved during fusing. The fusing temperature is a function 
of both the fuser member temperature and the temperature of 
the incoming sheet. At higher fusing temperatures/energy 
levels, the level of gloss tends to increase. A preheated sheet 
Will be subjected to a higher total energy and thus a higher 
gloss may be achieved than for an unheated sheet. By 
adjusting the fuser member temperature to account for the 
incoming paper temperature, the gloss level of the image is 
more consistent With that generated by a marking engine 
(Which may be the same or a different engine) receiving 
unheated paper. 

[0045] In one embodiment, the fuser member temperature 
for the second printer is adjusted to provide a consistent print 
media surface output temperature. For example, the output 
temperature of the surface of printed media exiting from the 
nip of the ?rst marking engine may be Within 100 C. of the 
output temperature of the printed media from the second 
marking engine. In one embodiment, the outputs are Within 
5° C. of each other, and in another embodiment, Within about 
2° C. or 1° C. of each other. By comparison, the paper output 
temperatures of the tWo marking engines, Where no accom 
modation is made for paper input temperature, may vary by 
about 20° C., or more. The temperatures can be selected 
such that the fusing provides at least a minimum acceptable 
level of ?xing. Expressed in terms of the temperature 
variation of the print media Where both fusers are set at the 
same temperature (i.e., When no account is taken of incom 
ing print media temperature at the second fuser), When the 
second fuser temperature is controlled to account for the 
input print media temperature, the variation betWeen the 
print media output temperatures of the ?rst and second 
fusers may be 50% of that Where the fusers are run at the 
same temperature. In one embodiment, the print media 
output temperature variation is less than about 25%, and in 
one speci?c embodiment, less than about 10%, of the 
variation Where no account for input temperature is made. 

[0046] As an alternative to adjusting the fuser temperature 
to account for preheated paper, other fusing parameters, or 
a combination of fusing parameters, may be modi?ed to 
achieve consistent fusing. For example, at higher incoming 
paper temperatures, the dWell time (the time the paper 
spends in the nip) may be reduced, for example, by increas 
ing the rotation speed of the fuser member. While particular 
reference is made herein to loWering the fuser member 
temperature for preheated sheets, it is to be appreciated that 
other fusing parameters may alternatively or additionally be 
adjusted. In one embodiment, the total heat energy E of a 
sheet exiting a fuser is kept constant Where: 

E=Epaper+Efuser 
[0047] Where Epaper is the incoming energy of the paper 
and is a function of the Weight of the paper sheet and its 
temperature (in degrees Kelvin, K) and Efuser is a function of 
the fuser member temperature (in K) and the dWell time. 

[0048] While the system Will be described With particular 
reference to tandem duplex printing, it Will be appreciated 
that rather than applying an image to an opposite side of a 
sheet to the image applied by the ?rst marking engine, the 
second marking engine may apply an image to the same side 
of the sheet as the ?rst marking engine. 
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[0049] Exemplary printing systems include light-lens 
copiers, digital printers, facsimile machines, and multifunc 
tion devices, and can create images electrostatographically, 
by ink-jet, hot-melt, or by another suitable method. 

[0050] Each of the marking engines includes an image 
forming component capable of forming an image on print 
media. Particular reference is made herein to a xerographic 
printing system in Which the marking engines each include 
a photoconductive insulating member Which is charged to a 
uniform potential and thereafter exposed to a light image of 
an original document to be reproduced. The exposure dis 
charges the photoconductive insulating surface in exposed 
or background areas and creates an electrostatic latent image 
on the member, Which corresponds to the image areas 
contained Within the document. Subsequently, the electro 
static latent image on the photoconductive insulating surface 
is made visible by developing the image With an imaging 
material such as a developing poWder comprising toner 
particles. The toner image may subsequently be transferred 
to the print media, to Which it is permanently a?ixed in the 
fusing process. In a multicolor electrophotographic process, 
successive latent images corresponding to different colors 
are formed on the insulating member and developed With a 
respective toner of a complementary color. Each single color 
toner image is successively transferred to the paper sheet in 
superimposed registration With the prior toner image to 
create a multi-layered toner image on the paper. The super 
imposed images may be fused contemporaneously, in a 
single fusing process. It Will be appreciated that other 
suitable processes for applying an image may be employed, 
Which result in the print media being heated in the ?rst 
marking engine. 

[0051] The fuser receives the imaged print media from the 
image-forming component and ?xes the toner image trans 
ferred to the surface of the print media substrate. The fusers 
employed in the marking devices can be of any suitable type, 
and may include fusers Which apply heat or both heat and 
pressure to an image. For example, the fuser may apply one 
or more of heat or other forms of electromagnetic radiation, 
pressure, electrostatic charges, and sound Waves, to form a 
copy or print. One suitable fuser includes a pair of rotating 
rollers spaced to de?ne a nip through Which the print media 
is fed. One of the rollers is heated, While the other roller may 
serve simply as a means of applying pressure. Other fusing 
members are also contemplated in place of a pair of rollers, 
such as belts, sleeves, drumbelts, and the like. Other suitable 
fusers Which may be employed include radiant fusers, Which 
apply a high-intensity ?ash lamp to the toner and paper. 

[0052] The process of fusing generally results in an attach 
ment of an applied image to the print media substrate by at 
least partial melting of an imaging material, such as toner 
particles. The fusing process may also in?uence the appear 
ance of the applied image, for example, by modifying the 
level of gloss of the image. 

[0053] The terms “marking engine” and “printer,” are used 
interchangeably to refer to a device for applying an image to 
print media. “Print media” can be a usually ?imsy physical 
sheet of paper, plastic, or other suitable physical print media 
substrate for images, Whether precut or Web fed. The print 
ing system may include a variety of other components, such 
as ?nishers, paper feeders, and the like, and may be embod 
ied as a copier, printer, or a multifunction machine. A “print 
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job” or “document” is normally a set of related sheets, 
usually one or more collated copy. sets copied from a set of 
original print job sheets or electronic document page 
images, from a particular user, or otherWise related. 

[0054] The printing system may incorporate “tandem 
engine” printers, “parallel” printers, “cluster printing,”“out 
put merger,” or “interposer” systems, and the like, as dis 
closed, for example, in Us. Pat. Nos. 4,579,446; 4,587,532; 
5,489,969 5,568,246; 5,570,172; 5,596,416; 5,995,721; 
6,554,276,6,654,136; 6,607,320, and in above-mentioned 
application Ser. Nos. 10/924,459 and 10/917,768, the dis 
closures of Which are totally incorporated herein by refer 
ence. A parallel printing system feeds paper from a common 
paper stream to a plurality of printers, Which may be 
horiZontally and/or vertically stacked. Printed media from 
the various printers is then taken from the printer to a 
?nisher Where the sheets associated With a single print job 
are assembled. Variable vertical level, rather than horiZontal, 
input and output sheet path interface connections may be 
employed, as disclosed, for example, in Us. Pat. No. 
5,326,093 to Sollitt. 

[0055] With reference to FIG. 1, an exemplary printing 
system 10 is shoWn. The printing system includes an image 
input device 12, a plurality of marking engines 14, 16, and 
a common control system 18, all interconnected by links. 
The marking engines are operatively connected, via the 
control system, for printing images from a common print job 
stream provided by the image input device. The links can be 
a Wired or Wireless link or other means capable of supplying 
electronic data to and/or from the connected elements. 
Exemplary links include telephone lines, computer cables, 
ISDN lines, and the like. The image input device 12 is 
illustrated as a scanner 12, although other image input 
devices are also contemplated, such as a netWork server, 
Which, in turn, may be linked to one or more Workstations, 
such as personal computers. The image input device 12 may 
include conversion electronics for converting the image 
bearing documents to image signals or pixels or this function 
may be assumed by the marking engines. 

[0056] While the illustrated embodiment shoWs tWo mark 
ing engines 14, 16, it Will be appreciated that the printing 
system may include more than tWo marking engines, such as 
three, four, six, or eight marking engines. The marking 
engines may be electrophotographic printers, ink-jet print 
ers, including solid ink printers, and other devices capable of 
marking an image on a'substrate. The marking engines can 
be of the same print modality (e. g., process color (P), custom 
color (C), black (K), or magnetic ink character recognition 
(MICR)) or of different print modalities. The marking 
engines all communicate With the control system. 

[0057] The marking engines 14, 16 are fed With print 
media 20 from a respective print media source 22, 24, such 
as a paper feeder, herein illustrated as including a plurality 
of paper trays 26, 28, 30, 32. Alternatively, both marking 
engines can be fed With print media from a common source. 
Printed media from the marking engines is delivered to a 
common output destination, such as a ?nisher 36, herein 
illustrated as including a plurality of output trays 38, 40, 42. 
The marking engines 14, 16 each include an imaging com 
ponent 44, 46, and an associated fuser 48, 50, respectively. 

[0058] Aprint media transporting system 60 links the print 
media sources 22, 24, printers 14, 16, and ?nisher 38. The 
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print media transporting system 60 includes a network of 
?exible paper pathways that feeds to and collects from each 
of the printers. The print media transporting system 60 may 
comprise drive members, such as pairs of rollers 62, spheri 
cal nips, air jets, or the like. The system 60 may further 
include associated motors for the drive members, belts, 
guide rods, frames, etc. (not shoWn), Which, in combination 
With the drive members, serve to convey the print media 
along selected pathWays at selected speeds. In the illustrated 
embodiment, print media from source 22 is delivered to 
printer 14 by a pathWay 64 Which is common to a plurality 
of the trays. In printer 14, the print media is printed by 
imaging component 44 and fused by fuser 48. Similarly, 
print media from source 24 is delivered to printer 16 by a 
pathWay 66 Where it is printed by imaging component 46 
and fused by fuser 50. A pathWay 68 transports media Which 
has been printed and fused by printer 14 to printer 16 Where 
it is further printed and fused. A bypass pathWay 70 alloWs 
media printed by printer to bypass printer 16. The pathWay 
70 merges With an output pathWay 72 from printer 16 into 
a common pathWay 74 Which conveys the printed media in 
a common stream to the ?nisher 36. 

[0059] In the illustrated embodiment, printer 14 is 
upstream of printer 16 in that media can travel from printer 
14 to printer 16 but not from printer 16 to printer 14. 
HoWever it is to be appreciated that more elaborate printing 
systems can be arranged in Which media printed by printer 
16 can be directed to printer 14. It is also contemplated that 
there may be additional printers doWnstream of printer 16. 

[0060] The pathWays 64, 66, 68, 70, 72, 74 ofthe netWork 
60 may include inverters, reverters, interposers, bypass 
pathWays, and the like as knoWn in the art to direct the print 
substrate betWeen the highWay and a selected printer or 
betWeen tWo printers. It Will be appreciated that the printers 
may be con?gured for duplex or simplex printing and that a 
single sheet of paper may be marked by tWo or more of the 
printers or marked a plurality of times by the same printer, 
for example, by providing internal duplex pathWays. 

[0061] FIG. 2 shoWs an exemplary fuser 48. Fuser 48 
includes a fuser roll 80 and a pressure roll 82, Which are 
spaced by a nip 84. The fuser roll faces the image side 86 of 
a sheet 20 and may have one or more elastomeric coatings 
88. The pressure roll may have one or more elastomeric 
coatings 90. A heater 92 is axially located Within the fuser 
roll 80 for heating the fuser roll surface 94 to a desired 
temperature. The heater may be controlled, for example, by 
varying the poWer supplied to the heater and thereby adjust 
the temperature at the fuser roll surface 94. A stripping assist 
96 is located doWnstream of the nip to assist in separating 
the print media and fused toner from the fuser roll 80. Fuser 
50 can be similarly con?gured. 

[0062] The printing system 10 has a ?rst mode of opera 
tion in Which the temperature of a fuser is adjusted to 
accommodate a variation in temperature of incoming print 
media. In an illustrative embodiment, a particular job may 
include printer 14 feeding printer 16 With printed media 
Which is preheated by the fuser 48. The fuser 50 can thus be 
set at a loWer temperature than Would normally be selected 
for achieving certain fusing characteristics, such as ?xing 
and/or gloss level. Fuser 48, Which does not receive pre 
heated printed media, may thus be set at a higher operating 
temperature than fuser 50. In this mode, less heat is used by 
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the system than Would be the case Where both fusers 48, 50 
are set at the same operating temperature, e.g., at a tem 
perature Which is designed for achieving desired fusing 
characteristics assuming the print media is not preheated. It 
Will be appreciated that, even Where nominally the same, 
fusers may operate someWhat differently and thus may need 
to be set at different temperatures to achieve nominally the 
same fusing characteristics in terms of e.g., gloss and/or 
?xation. 

[0063] Other jobs, such as simplex printing jobs, may 
entail bypassing printer 16 or parallel simplex printing, in 
Which a portion of a print job is printed on one side by the 
?rst printer and a different portion is printed on one side by 
the second printer. For such jobs, the printing system 10 may 
have a second mode of operation in Which there is no 
adjustment to accommodate for preheated print media. In 
this embodiment, both fusers can be set at the same oper 
ating temperature or at a temperature Which is designed for 
achieving the same desired fusing characteristics assuming 
the print media is not preheated. 

[0064] It Will be appreciated that a system of more than 
tWo printers may involve different levels of preheating. For 
example, a sheet of printed media Which has been succes 
sively printed by tWo printers may have a higher temperature 
on reaching a third printer than on reaching the second 
printer. Additionally, a fuser of one type of printer may cause 
greater heating than another, for example a color fuser (P or 
C) may heat the media to a greater temperature than a black 
only (K) printer. Further, the paper pathWays betWeen print 
ers may result in different degrees of cooling of the printed 
media before reaching another printer. The ?rst mode for the 
printing system may thus account for several different media 
input temperatures, depending on the printed media’s prov 
enance. 

[0065] Aprinting system 100 exemplifying multiple print 
ers and their pathWays is shoWn in FIG. 3, Where similar 
elements are accorded the same numerals. The system is 
similar to that of FIG. 1, except as otherWise noted. In this 
embodiment a plurality of printers 14, 16, 102, 104 receive 
print media from a common high speed paper feeder 22. 
Printers 14 and 16 may be process color (P) printers and 
printers 102, 104 may be of a different print modality or 
modalities, such as black (K) and custom color (C). Each 
printer 14, 16, 102, 104 has an associated fuser 48, 50, 106, 
108. A netWork 60 of paper paths connects the printers. The 
netWork is constructed such that print media can travel from 
any printer to any other printer in the system by appropriate 
pathWays and also bypass any of the printers en route to the 
?nisher 36. Thus, for example, a sheet of print media may 
have side A printed by black printer 102, side Aprinted again 
by custom color printer 104, be inverted and have side B 
printed by process color printer 14. In this example, the print 
media reaches printer 102 Without preheating, so the fuser 
106 of printer 102 is run at a normal operating temperature 
Without adjustment for an elevated paper temperature. The 
normal operating temperature of fuser 108 of printer 104 is 
adjusted doWnWardly to account for the incoming tempera 
ture of the paper caused by fusing in fuser 106. The 
adjustment Will take into account the heat applied by both 
the fusers 106, 108 and any cooling of the sheet. As can be 
seen, the paper pathWay betWeen printers 104 and 14 is 
longer than that betWeen printer 102 and printer 104, so 
additional cooling may be expected. 
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[0066] The optimal temperature adjustments to the fusers 
for providing consistent fuser temperatures and/ or consistent 
appearance characteristics can be determined from computer 
models or experimentally, for example, by routing print 
media by different routes through the printing system and 
determining the temperature of the paper entering the fusers. 
Alternatively, or additionally, appearance measurements 
(such as gloss levels) can be made on the output sheets for 
a particular paper route and the fuser temperatures varied 
until consistent gloss levels are achieved betWeen images. 
These fuser temperatures then become the neW operating 
temperatures for the fuser When the same route is used again. 

[0067] The computer processor 18 may include a look up 
table Which includes appropriate fuser set points for each of 
the fusers for different operating modes. 

[0068] It Will be appreciated that a fuser roll has a ?nite 
time for adjustment, Which may depend on the type of fuser 
and the extent of the temperature adjustment. For example, 
a fuser may take from a feW seconds to several minutes to 
drop a feW degrees Centigrade, depending on the thickness 
of the fuser roll and its composition. Thus, fuser roll 
adjustments are generally performed prior to printing of a 
print job in Which a large number of pages, e.g., about 50 or 
more pages, is being printed using a given paper route. 
Where the print job is relatively small, for example 10 pages 
or less on the same paper route, it may not be practically 
feasible to perform an adjustment. Additionally, during a 
print job in Which sheets are simultaneously folloWing 
different routes, it may not be feasible to assign fuser roll 
adjustment temperatures Which satisfy the demands of all of 
the routes. In such a case, a compromise adjustment may be 
made. 

[0069] The printing system 10, 100 includes a scheduling 
system 120 associated With the control system, Which sched 
ules print jobs based on various constraints, such as opti 
miZing the output of the printing system. Various methods of 
scheduling print media sheets may be employed. For 
example, US. Pat. Nos. 5,095,342 to Farrell, et al.; 5,159, 
395 to Farrell, et al.; 5,557,367 to Yang, et al.; 6,097,500 to 
FromherZ; and 6,618,167 to Shah; US. application Ser. Nos. 
10/284,560; 10/284,561; and 10/424,322 to FromherZ, all of 
Which are incorporated herein in their entireties by refer 
ence, disclose exemplary scheduling systems Which can be 
used to schedule the print sequence herein, With suitable 
modi?cations. 

[0070] The scheduling system 120 receives information 
about the print job or jobs to be performed and proposes an 
appropriate route for the print media to folloW in each of the 
jobs. The scheduling system con?rms With each of the 
system components, such as printers, inverters, etc. that they 
Will be available to perform the desired function, such as 
printing, inversion, etc., at the designated future time, 
according to the proposed schedule. Once the route has been 
con?rmed in this Way, any fuser temperature modi?cations 
are determined by the control system 18 and the printers 
noti?ed so the fusers Will be at the appropriate temperature 
When the print media arrives. Where the scheduling system 
has multiple jobs Waiting in a queue, the scheduling system 
may order the jobs in the queue to minimiZe the time needed 
for fuser roll adjustments. 

[0071] Without intending to limit the scope of exemplary 
embodiments, the folloWing examples demonstrate some of 
the bene?ts of adjustment of fusing parameters. 
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EXAMPLE 1 

[0072] ProductolithTM (270 gsm) coated stock is imaged 
and fused at different fuser temperatures and the crease area 
of a monochrome image is determined by forming a crease 
in the printed paper, brushing off the loose toner, and 
determining the area of toner Which has been detached by 
the creasing (the “crease area”). Crease area values can be 
normaliZed to give a crease index. In general, the smaller the 
crease area or crease index, the better the ?xation. FIG. 4 
shoWs crease index versus fusing temperature. An accept 
able crease index can be de?ned, 60 in the exemplary 
embodiment, and fusing temperatures Which achieve this 
crease index or achieve a loWer crease index are considered 

to be acceptable, at least as far as ?xation is concerned. The 
results shoW that temperatures of around 1630 C. or higher 
provide adequate ?x for the second fuser of a printing 
system operating in duplex mode. 

EXAMPLE 2 

[0073] In the folloWing tWo examples, the Case 1 dem 
onstrates the case Where the fusers of tWo marking engines 
(printer 1 and printer 2) are set to the same setpoints and 
Case 2 demonstrates the case Where the fuser of the doWn 
stream marking engine (printer 2) is set to a loWer tempera 
ture. Changes in paper temperature (APaper Temp) as a 
result of the fusing operation are calculated by suitable 
softWare. 

Case 1: Both Fuser Temps Set to 193° C. 

[0074] Printer 1: For an initial paper temp=22° C.=295K 
and APaper Temp=100K 

[0075] Final Paper Temp=Initial Paper temp+APaper 
Temp=395K=l22° C. 

[0076] Printer 2: For an initial paper temp=68° C.=341K 
and APaper Temp=65K 

[0077] Final Paper Temp=Initial Paper temp+APaper 
Temp=406K=l33° C. 

[0078] The difference in output temperatures is thus 133 
l22=ll° C. 

Case 2: First Fuser Temp Set to 193° C. Second Fuser Temp 
Set to 164° C. 

[0079] Printer 1 (as before) 

[0080] Printer 2: For an initial paper temp=68° C.=341K 
and APaper Temp=53K 

[0081] Final Paper Temp=Initial Paper temp+APaper 
Temp=394K=l2l° C. 

[0082] It can be seen that if the second fuser is set at 164° 
C., roughly the same paper temperature outputs are achieved 
for the ?rst and second fusers, When feeding room tempera 
ture sheets to the ?rst fuser. As Will be appreciated, this is for 
steady state conditions and there may be a period of adjust 
ment time. 

EXAMPLE 3 

[0083] FIG. 5 shoWs fuser life before failure for a repre 
sentative fuser measured in terms of the number of copies 
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made, vs. the fuser roll temperature (° C.). As can be seen 
from FIG. 5, the lifetime increases signi?cantly as the fuser 
roll temperature is lowered. 

[0084] It Will be appreciated that various of the above 
disclosed and other features and functions, or alternatives 
thereof, may be desirably combined into many other differ 
ent systems or applications. Also that various presently 
unforeseen or unanticipated alternatives, modi?cations, 
variations or improvements therein may be subsequently 
made by those skilled in the art Which are also intended to 
be encompassed by the following claims. 

1. a xerographic printing system comprising: 

a ?rst marking engine; 

a ?rst fuser associated With the ?rst marking engine for 
fusing images applied by the ?rst marking engine to 
print media; 

a second marking engine; 

a second fuser associated With the second marking engine 
for fusing images applied by the second marking 
engine to print media; 

the printing system having a ?rst mode of operation in 
Which print media is fused by the ?rst fuser and then by 
the second fuser and a second mode of operation in 
Which at least a portion of the print media is fused by 
the second fuser, Which portion has not been previously 
fused by the ?rst fuser, the second fuser having a ?rst 
fuser operating mode When the printing system is in the 
?rst mode of operation and a second fuser operating 
mode, When the printing system is in the second mode 
of operation, the second fuser applying a ?rst energy 
input to the print media in the ?rst fuser operating mode 
and a second energy input, different from the ?rst 
energy input, to the print media in the second fuser 
operating mode. 

2. The printing system of claim 1, Wherein the ?rst energy 
input is higher than the second energy input. 

3. The printing system of claim 1, further comprising: 

a print media transporting system Which conveys print 
media betWeen the ?rst and second printers. 

4. The printing system of claim 2 Wherein the print media 
transporting system includes a bypass pathWay in Which 
print media imaged by the ?rst marking engine bypasses the 
second marking engine. 

5. The printing system of claim 1, further comprising: 

a ?nisher Which receives print media from the ?rst and 
second printers. 

6. The printing system of claim 1, Wherein, in the ?rst 
mode of operation, output temperatures of print media from 
the ?rst and second fusers are consistent. 

7. The printing system of claim 1, Wherein, in the ?rst 
mode of operation, the output temperature of print media 
from the ?rst fuser is Within about 10° C. of the output 
temperature of print media from the second fuser. 

8. The printing system of claim 7, Wherein, in the ?rst 
mode of operation, the output temperature of print media 
from the ?rst fuser is Within about 5° C. of the output 
temperature of print media from the second fuser. 

9. The printing system of claim 1, Wherein, in the ?rst 
mode of operation, the difference betWeen the output tem 
perature of print media from the ?rst fuser and the output 
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temperature of print media from the second fuser is less than 
50% of the difference betWeen the output temperature of 
print media from the ?rst fuser and the output temperature 
of print media from the second fuser in the second mode of 
operation. 

10. The printing system of claim 1, Wherein in the ?rst 
fuser operating mode, the second fuser has a loWer operating 
temperature than in the second fuser operating mode. 

11. The printing system of claim 1, further comprising a 
scheduling system Which schedules printing of print jobs 
and computer implemented means for adjusting an operating 
temperature of the second fuser according to Whether the 
scheduling system schedules a print job according to the ?rst 
operating mode or the second operating mode. 

12. The printing system of claim 1, further comprising a 
third marking engine and a third fuser associated With the 
third marking engine and Wherein the printing system has a 
third mode of operation in Which print media is fused by the 
?rst and second fusers and then by the third fuser, and a 
fourth mode of operation in Which the print media is fused 
by feWer than all of the ?rst and second fusers, the third fuser 
having a ?rst operating mode When the printing system is in 
the ?rst mode of operation and at least a second operating 
mode, When the printing system is in the second mode of 
operation, the second fuser applying more energy to the print 
media in the second operating mode than in the ?rst oper 
ating mode. 

13. The printing system of claim 1, Wherein in the second 
mode of operation, a second portion of the print media is 
fused by the ?rst fuser but not by the second fuser. 

14. The printing system of claim 1, further comprising a 
control system Which recogniZes When the printing system is 
about to change its mode of operation from operating in one 
of the ?rst and second modes of operation to operating in the 
other of the ?rst and second modes of operation and adjusts 
an energy input to the second fuser. 

15. A printing system comprising: 

a plurality of marking engines Which apply images to 
print media, at least a ?rst of the marking engines 
selectively receiving print media Which has been 
imaged by at least one other of the plurality of marking 
engines, a fuser associated With the ?rst marking 
engine for fusing images applied by the ?rst marking 
engine to print media; and 

a control system Which accommodates for differences in 
print media input temperature arising from prior fusing 
of the print media, by adjusting an operating tempera 
ture of the fuser. 

16. The printing system of claim 15, Wherein the control 
system adjusts the operating temperature of the fuser to 
maintain a consistent output temperature of print media from 
the ?rst marking engine. 

17. The printing system of claim 15, Wherein the control 
system adjusts the operating temperature of the fuser as a 
function of the input temperature of the print media. 

18. The printing system of claim 15, Wherein the com 
puter implemented means includes a look up table Which 
associates a ?rst operating temperature With a ?rst route of 
print media through the printing system to the second printer 
and a second operating temperature With a second route of 
print media through the printing system to the second 
printer. 
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19. A method of printing comprising: 

in a ?rst mode of operation: 

forming an image on a sheet of print media in a ?rst 
marking engine; 

fusing the image formed in the ?rst marking engine With 
a ?rst fuser associated With the ?rst marking engine; 

conveying the imaged and fused sheet of print media to a 
second marking engine; 

forming an image on the imaged and fused sheet of print 
media in the second marking engine; and 

fusing the image formed in the second marking engine 
With a second fuser associated With the second marking 
engine, operating parameters of the ?rst and second 
fusers being selected to account for dilferences in input 
temperature of the print media to the ?rst and second 
fusers. 

20. The method of printing of claim 19, further compris 
mg: 

in a second mode of operation: 

forming an image on a sheet of print media in the second 
marking engine; 
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fusing the image formed in the ?rst marking engine With 
a ?rst fuser associated With the ?rst marking engine; 

conveying the imaged and fused sheet of print media to a 
second marking engine; 

forming an image on the imaged and fused sheet of print 
media in the second marking engine; and 

fusing the image formed in the second marking engine 
With a second fuser associated With the second marking 
engine, operating parameters of the ?rst and second 
fusers being selected to account for differences in input 
temperature of the print media to the ?rst and second 
fusers. 

21. The method of printing of claim 19, further compris 
ing: 

controlling the second fuser such that the print media 
output from the second fuser is at a temperature Which 
is Within about 5° C. of the temperature of the print 
media output from the ?rst fuser. 


